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\ ABSTRACT

Y

\']‘he vertical structure of the atmospheric boundary laver in the East Greenland
Sea ’Fram Strait marginal ice zone (MI1Z) is examined for various wind flow regimes with
respect to the ice edge. Rawinsonde profiles and surface observations collected from
three ships during MIZEX-87 (20 March - 11 April 1987) served as the data set for the
examination.

Three specific flow regimes are discussed: on-ice flow, off-ice flow, and flow paralll)
to the ice. On-ice flow resulted in deep, moist mixed lavers capped by high weak inv.
ersions at the MIZ. Off-ice flow resulted in multiple surface and elevated invervuons,
with specific humidity highest within an elevated lower-tropospheric laver and dn re-
gions near the surface and aloft. Parallel flow led to the development of stnkingly duf-
ferent boundary laver regimes separated by the ice edge: Over ice, deep surface and
elevated inversions were associated with alternating moist and drv lavers in the Jower
troposphere; over water, multiple elevated inversions were associated with an elevated
lower-tropospheric moist laver and drv regions ncar the surface and aloft.  Pcouble

physical processes important for the development of the observed features are discusacd
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L. INTRODLCTION
A. GENERAL

The Arctie region has expertenced preatls ancreased mnterest eaer the last 1aoe Soo-
ades, due largely to the search for nonerestewablc resouries iWesteniener, Tvsd As
energy resources, such as ol and gas, become tnoreasningly GIoe! o nnd o o de
manding locales, the ditliculties of exploration and extraction in the Arci beeome noose
acceptuble. Research on the meteorolopy and ocearegraphy of the region fas oocutred
in response to petroleurnm mndustry needs (Merbs, 198, Awodated woth noreased 1o
tonul econonmue interest v the provuny realization of the stralegsn puprctanee vl the e
gion. The mcreased use ol the Arctic as o deplot ment area for the strategi fotees ot
Soviet Lnion has torced the Unred States to enhance s operating capatuiies o thae
vital region of the world. Rescarch on the mecteorelogy and occanography of the eyt
tor United States Navy needs has been carnied out for several vears, funded ™y the Ol
of Naval Research. with the most recent senies of expenments cwcurning n the cast
Greenland Sca and Fram Stratt regson cJohnson o1/ 1980

The Greenland Sca region represents an espeaaliy important area along the Ardti
rim because it s the only deep water aceess to the Arctic Ocearn 1t therelore phats un
important role 1 the deploviment of naval forces should hostuiliies ovcur. An exumiple
of the emphasis placed on this arca s the Unmited States Navy's Arctic Cold Weather
Surface Ship Plan developed by the Vice Chuef of Naval Operations for Surface Warlare
tOP-03,. A<shownin g, 1, the Nasvy intends to expand its operating limits norihward
to the marginal ice cone ( MIZ) by the vear 2010, In order to suppeort the Navy s gouls,
as stated by OP-03, improvements in the ability to predict and avoid severe weather. and

our knowledge of the region as a whole, are required.

B. MARGINAL ICE ZONE EXPERIMENTS

The cast Greenland Sca marginal ice zone (MIZ) occurs where polar and temperate
chimatic systems interact to form a transition between ocean and pack ice regimes
{Johannessen. 1987). As a geophvsical boundary, the MIZ is unique in the complexity
of the vertical and horizontal interations that take place. Extensive seasonal variations
in the ice edge boundary directly affect the heat and moisture available for exchange with

the atmosphere. significantly impacting both the local atmospheric boundary laver
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Fig. 1.  OP-03 Severe weather operating goals.

(ABL) structure and the global climate (Johnson and Hawkins, 1987). In addition, the
MIZ is a region of enhanced biological activity.

The Marginal Ice Zone L Xperiment (MIZEX) scries was developed in response to
increased scientific, economic and strategic interest in the MIZ. The purpose of the
MIZEX program is coordinated, multi-disciplinary studics of the physical and biological
proccsses associated with a MI7. The first two experiments of the scries, MIZLXN-83,

conducted during June and July 1983, and MIZEX-84, conducted from May through
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Fig. 2. MIZEX-87 operations area (M1ZEX-87 Operations Plan).




July 1984, focused on processes and features of the Greenland Sca [Fram Strait arca
during the sununer regime.

Several investigations of the atmospheric boundary laver (ABL) processes unique to
the MIZ were conducted with field observations taken during these first MIZLX exper-
iments, together with model computations. The characteristics of the ABL and low-level
flow observed during MIZEX-83 and MIZEX-84 are discussed in several recent papers
(Kellner er al, 1987; Anderson, 1987. Fairall and Markson, 1987; Guest and Davidson.
1987; Guest ez al, 1988; Overland, 1985). Results of a slab-symmetric model for the ABL
together with field observations (Overland, er al, 1983) show the development of an in-
version and other features over the Bering Sea MIZ during off-ice flow. More recent
work by Overland (1988) and Kantha and Mellor (1988) describe more detailed multi-
laver models of the ABL associated with the MIZ.

A late winter MIZEX was conducted from 20 March to 10 Apnil 1987 in the
Greenland Sea MIZ . This is referred to as MIZEX-87. The operations arca for
MIZEX-87, shown in Fig. 2, is the same region as in MIZEX-83 and MIZEX-§84.
MIZEX-87 is of special interest because data obtained represent onc of the first data sets

for the Greenland Sea MIZ during late winter conditions.

C. PURPOSE AND SCOPE OF THESIS

The purpose of this thesis is to examine boundarv laver features and conditions
during MIZEX-87 under three specific wind flow regimes with respect to the ice cdge:
on-ice flow, off-ice flow, and flow paralle] to the ice edge. Structural features of the ABL
are often associated with advection of air masses with respect to the ice edge, with rapid
changes in the ABL accompanving shifts in wind direction. Sharp horizontal changes
in heat, moisture and momentum fluxes associated with the ice edge cause rapid mod-
ification of the atmopspheric boundary laver even in stable synoptic regimes, leading to
unusual complexity in its vertical structure. Rawinsonde data from three ships during
MIZEX-87 were used as input to a vertical cross-section program, allowing documen-
tation of unique ABL features in the MIZ, and their temporal and spatial variability.
The scope of this thesis is to present detailed physical descriptions of boundary laver
features and changes resulting from shifts in the wind flow regime, and to discuss plau-
sible physical explanations for the development of observed features. It is the intent of
this thesis to provide an initial examination of a unique data set in the late winter
Greenland Sea MIZ boundary laver, for each of the basic flow regimes.




II. ARCTIC MARINE BOUNDARY LAYER

A. GENERAL ATMOSPHERIC BOUNDARY LAYER FEATURES

The atmospheric boundary laver (ABL) is that portion of the atmosphere that 1s
largely composed of air that has recently been in contact with the earth’s surfuce, ac-
cording to Stewart (1979). All momentum. moisture and heat exchanges between the
surface and the atmosphere occur within this laver, so the boundary laver is clcarly im-
portant to both the dvnamic and thermodynamic structure of the atmosphere and sur-
face. Typically over land. boundary layer depth may vary from tens to thousands of
meters, while over the ocean a more constant depth of roughly [ Kilometer is recorded
(Lenschow, 1980).

The ABL is a region of turbulent flow. Turbulence in the ABL is a function of sur-
face roughness (parameterized by drag coeflicient C,). the vertical gradient of the ncar
surface wind. and sensible and latent heat fluxes from the surface and atmosphere.
Mechanical turbulence is produced by air flowing over a rough surface, transfering en-
ergyv from the mean wind to turbulent eddies. This process is constantly at work to some
degree in the ABL. Convective turbulence is produced by sensible and latent heat fluxes
at the surface, or by latent heat flux aloft duc to cloud formation, causing rising plumes
of turbulent air. These turbulent plumes increase both the turbulent Kinetic energy
(TKE) and the mixing within the ABL. An increase in TKE usually results in an increase
in ABL depth (Wyngaard, 1973).

The ABL can be described in terms of its density structure as unstable, stable, or
ncutral.  An unstable ABL is produced by hecating at the surface, leading to both
convective and mechanical turbulence. A ncar surface wind shear zone called the surface
laver transports wind momentum downward to the surface, and hcat and moisture up-
ward into a homogeneous layver constantly stirred by turbulence, called the mixed laver.
This mixed layver is highly variable in depth, and comprises most of the ABL volume.
The mixed layer is capped by a stably stratified region of vertically increasing temper-
ature called an inversion, where turbulence is suppressed. These various layers are
schematically represented in Fig. 3.

By contrast, a stable ABL is produced by cooling at the surface. This leads to de-
velopment of an inversion near the surface and the suppression of convective turbulence.

The remaining mechanical turbulence is able to mix only a shallow laver near the
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Fig. 3. The convective atmospheric boundary layer.: Mcan vertical profiles of
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surface. This reduces both the upward mixing of heat and moisture, Icading to sharper
vertical gradients in these parameters, and the downward mixing of momentum, resulting
in weaker surface winds than in the unstable case (Stewart, 1979).

The marine atmospheric boundary layer (MABL) differs from the ABL over land
due to the influence of the occan. The greater heat capacity of the occan reducces the
diurnal variations of surface heating, leading to a more constant depth for the MABL.
The source of moisture at the ocean surlace allows greater vertical gradients of moisture.
Also, as air flows over the ocean for long distances, its propertics move towards equi-
librium with the surface, leading to near-neutral stability of the MABL. Small variations
in sca-surface temperature, and therefore stability, can have significant eflects on the
structure of the MABL (Businger and Shaw, 1984).

B. MARCH/APRIL MIZ CLIMATOLOGY
1. Distinctive Features
Several unique features of the Arctié are important to the synoptic and local
weather patterns of the region. Variations in these weather patterns force important
modilications in the MABL through changes in the distributions of temperature, mo-

mentum, and moisture. These features arc identificd in Sater ef al (1971) as unique




Fig. 4. Climatological 700mb heights for April: Sater e al, 1971.

davlight and darkness regimes and the circumpolar vortex, which are important for
syvnoptic forcing. and surface ice éovcr and strong surface temperature inversions, im-
portant for local modification of the MABL. The combined importance of both
svnoptic and local forcing of the atmosphere distingishes the Arctic regime.

Distinctive daylight and darkness regimes in high latitudes are a result of the
earth’s axial tilt. During winter, constant darkness contributes to a strong radiational
heat loss at the earth’s surface. In summer, total daylight reduces the net radiational
loss at the surface. March and April mark the rapid transition from darkness to daylight

regimes. Daylight increases from 9 hours in mid-March to 21 hours in mid-April, which

~encompasses MIZEX-87 (Schultz, 1987).

The circumpolar vortex, another unique [cature, is a large scale cold core low
pressure region approXimately centered on the North Pole, and the belt of upper-level
westerlies that surround the low at its outer edge (Petterssen ez al, 1956). The strength

of this feature is usually associated with the packing of the 960 and 990dm isohcights




on the 700mb surface. as seen in Fig. 4. High lautude cyclones and anticyvdones are
embedded in and arc steered by this flow, and changes in the strength and shape of the
vortex can radically affect regional conditions (Sater er a/, 1971). Durnng Murch and
April, the vortex is in transition from its southernmost winter poutien to it
northernmost summer position, with weakening of its associated pressure and temper-
ature gradients.

The polar ice cap. covering the central Arctic and a large portion of the
Greenland Sea, is a controling factor in the climatology of the area. The high surfuce
albedo properties of snow and ice, combined with low solar elevation angles. promote
continuing cold surface temperatures over the ice pack. Cold temperatures greatly re-
duce the moisture capacity of air masses over ice compared to those over open occan.
Ice cover also insulates the atmosphere from the relatively warmer occan below. The
resulting moisture and temperature gradients ncar MIZ arcas are strongly conducive to
cyvclogenesis and cloud formation. Thercfore this factor is of great interest in discticsions
of weather patterns and boundary laver structure in and around the MIZ. During
March the ice pack has achieved its maximum coverage before spring warming causcs
retreat of the ice edge. Fig. 2 indicates the large extent of the ice during this period.

Strong surface temperature inversions over the ice pack are a predonunant fca-
ture of the Arctic atmosphere through the entire vear. Arctic inversions are most often
due to radiative cooling at the surface, creating stable ABL conditions, but clevated
inversions may form due to advection or subsidence, tyvpically extending above §30mb
(Vowinckel and Orvig, 1970). This stable laver inhibits heat and moisture transfers
across the inversion, creating a cold, moist laver near the surface and warmer, drv air
above (Sater er al, 1971). In ice free areas, the warm ocean surface causes elevated inv-
ersions due to positive heat flux and mixing, typical of unstable ABL conditions.

Another important feature specific to the MIZ is the rapidly changing drag co-
efficient (C,) due to variable surface fcatures. Pressure ridging, broken and jagged ice
floes, and various types of newly formed ice such as grease ice or pancake ice contribute
to much higher values of C, in the MIZ than are measured in the central ice pack or over
the open ocean (Guest and Davidson, 1987). This causes a drastic change in the for-
mation of mechanical turbulence within the ABL over the short horizontal scales of the
MIZ.

The combination of these unique features of the Arctic point out why ABL
studies under various flow regimes along the ice edge are so important. Changes in the
ABL structure, forced by flow along or across the MIZ and its variable surface




Fig. 5. DMlean sea-level pressures for April: Sater er al, 1971.

conditions, result in changes in the transport of heat and moisture through the ABL to
the upper atmosphere. Since the aEilit}' to forecast weather depends on a knowledge of
these parameters, an understanding of changing ABL conditions is necessary for weather
prediction in the region, and allows more accurate inputs for global prediction models.
An understanding of the Arctic ABL has importance [or ocean prediction as well.
Downward transport of momentum from upper-level winds through the ABL to the
surface drives ocean circulation and ice movement. Changes in ABL structure aflect this
, downward momentum flux, and therefore affect future ice movements and current fea-
tures.
2. Spring Climatology ,
The Greenland Sea MIZEX-87 experiment rcgion is aflected by several
climatological synoptic-scale surface features. The 12-year climatological mean sea-icvel
pressures for April are shown in Fig. 5. The spring MIZ surface synoptic pattern is

characterized by a weak and variable surface high over northern Greenland and a belt
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in the MIZLEN area are predonunanty euasterly due to the transitory ¢velones to the
south (Sater ¢ al. 197)).

The chmatological movements of cvclones in this area are related to the mean
pressure gradients discussed above. and are clearly shown in Fig. 6. The primary storm
track extends fron the eastern coast of fcelund and continues to the northern tip of
Norway, The secondary storm track follows the southeast coast of Greenland, then
moves eastward passing just south of the Svalbard Islands, and into the decav region
off northern Norway.

3. Meteorological Conditions During MIZEX-87

The synoptic and mesoscale meteorological features observed during MIZEX-87
were exanuned and grouped into five distinct periods by Schultz (1987). A time series
of the major metcorlogical paramcters observed during MIZEN-S7 is shown in Fig. 7.
Pcriod one, from 20-23 March, saw a high pressure region centered over the Fram Strait.
During period two. {rom 24-27 March, a mesoscale boundary laver front formed just
west of the Svulbard Islands and propagated westward across the Fram Strait. The high
pressure system weakened during this period causing surface pressures to fall. The third
period was from 28-31 March, when the MIZLEX area was infiuenced by a small scale
low that stagnated and began to fill. In period four, from 1-3 April. the MIZEX areca
was again under the influence of a high pressure system. A synoptic-scale low passed
to the south during this period. During the fifth and final period. from 4-10 April. the
MIZEX region was influenced by two svnoptic-scale lows. The first low moved slowly
through the area along the secondary storm track, as seen in Fig. 6, and stalled SW of
the Svalbard Islands on § April. A second low pressure system overtook and merged
with the first low on § April, creating a larger, more intense low with significant influence
on the region. Specific wind regimes during these synoptic periods will be selected for
detailed study of the vertical boundary layer structure.

Groters (1988) and Schultz (1987), on examination of observed fields, concluded
that during MIZEX-87 svnoptic features were consistent with the climatology of the
MIZEX region discussed earlier. The region was dominated by high pressure except
during movement of syvnoptic-scale lows and the boundary laver front. Winds tended to
be more northerly during MIZEX-87, contrary to the climatological easterly winds de-
scribed by Sater er al, (1971). This indicates reduced influence or a lower frequency of

synoptic-scale Jows during this period.

11
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I1I. DATA ACQUISITION AND PROCESSING

A. DATA ACQUISITION

Descriptions of the vertical boundary laver structure dunng MIZENAT were ob-
tained from rawinsondes and surface laver measurements made {rom three surface shups
operating in and around the MIZ. The rescarch vessels Haakon Moshy, Polar Cudle.
and Valdivia launched radiosondes every six hours, made visual surface obseryations
every three hours, and continuously recorded various metcorological data using ship
mounted instruments. A list of the instruments and observed meteorological parameters
on all ships appears in Table 1.

1. Ship Configuration

a. Haakon Mosby

The Haakon Mosby collected data in the MIZ from 23 March through 11
April 1987, Surface data, including wind speed and direction, pressure, relatine hum:din
and temperature were collected using a meteorological instrument station mounted 1%
m above the water line. Wind speeds were measured using propelier and cup
anemometers. Wind direction was deternuned by magnetic compass, providing accuracy
within five degrees of true dircction. Pressure was recorded using automatic pressuse
sensors.

The above data were sampled continuously and results presented in thie
thesis represent ten-minute averages of these data. Guest and Davidson (198$1 discuss
in detail the various crror sources for these meteorological instrument packages.

b. Polar Circle

The Polar Circle recorded MIZ data from 23 March to 12 Apnil 1987, The
same parameters were mecasured on the Polar Circle as on the Haakon Mosby, and were
obtained using the same basic instrument package mounted 16 m above the water linc.
The only exception is that a sonic ancmometer was used instead of the cup anemometer.
Wind direction errors were much larger than for the Haakon Mosby due to extreme
magnetic deviations introduced by the ship’s hull. Therefore, accuracy for wind direction
is within 20° (Guest and Davidson, 1988).

¢. Valdivia
The Valdivia collected data from 19 March through 3 April 1987. The

Valdivia measured the same parameters as discussed for the other ships. except without
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Table 1. SUMMARY OF METEOROLOGICAL MEASURENENTS

MEASUREMENT

INSTRUMENT

SHIP
LOCATION

SAMPLL
INTERVAL

Vector Wind

. - Propeller
N euor‘ Wind Ancmometer PRC HKM VAL ,
Temperature Th Bow M. 10 M:nute

Humidity ernuster (Bow Mast)

. Hygrometer

Turbulent Sonic PRC
Vector Wind Anemometer tBow Musu I Minute

Turbulent Hot Film PRC HIKM 10 Minute
Wind Speed Miniature Cups (Bow Mus) ‘ ¢
Temperature

Hunudity Rawinsonde PRC HKM VAL 4 per Dy

Sensible Wy

Human

PRC HKM VAL

24 per Din

Sca State Obscerver (Bridgey
Inconung .
: o Pyranometer HKM
LW and S$W IR N e 1Yl 10 Minute
Radiation Pyrehelimeter (Upper Deck)
BoLunn}qC;;r_\' .gcoudt;lc (L ”,K?)' ) 10 Minute
Structure ounder pper Dec
Barometric Barometer PRC 1IKM VAL 10 Minute
ressure

(PRC = Polar Circle, HKM = Haakon Mosby, VAL = Valdivia)

any relative humidity measurement. Due to timing errors in the recording equipment,
the only available data were those recorded during surface observations which occurred
every three hours. Accuracies are similar to those discussed for the HHaakon Mosby.
2. Rawinsondes

Because of the importance of rawinsonde data to this study, a detailed dis-
cussion of the characteristics of the rawinsondes used during MIZEX-87 is included for
clarity. A total of 169 successful launches were made during MIZEX-87: 66,48.and 35
each for the Polar Circle,Valdivia, and Haakon Mosby respectively. The Polar Circle
and Valdivia used rawinsondes and a receiving station manufactured by the VIZ Cor-

poration to obtain vertical profiles of atmospheric parameters. The VIZ-Beukers
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W.8000 RP+ Microsonde svstem was the receiving svstem used by these two ships.
The receiving station and rawinsondes allowed measurements of wind speed and direc-
tion, as well as pressure, temperature, relative humidity, and altitude. These radiosondes
allow a sampling interval of every 10 seconds for a period of 50 minutes. providing a
maximum of 300 vertical data points per launch. The wind speed and direction were
measured using an Omega tracking system within the radiosonde. Air temperatures
measured with this system were accurate to 0.2° C, with dewpoint temperatures accurate
to 1.0° C. Alutudes were accurate to within 30 m. Wind speeds were accurate to 1.0
m s except in regions of strong wind shear, where wind speeds were within 2.0 m s
(Guest and Davidson, 1988).

The Haakon Mosby used a RS-80 Microcora Upper Air Sounding svstem,
manufactured by the Vaisala Corporation. The Vaisala sonde measured identical prop-
ertics as the VIZ sonde, also using an Omega tracking system for wind direction and
speed.

The vertical gradient of moisture is an important parameter in this discussion
of boundary laver structure. Willis (1987) described a possible error in 379 of the
radiosonde profiles used in her study of refractivity during MIZEX-S4. In the suspect
profiles, the dewpoint temperature equaled the air temperature just below the inversion,
indicating saturation. At the inversion base, dewpoint normallv decreases with height.
The profiles examined by Willis did not follow this pattern. The dewpoint was observed
to remain saturated through the inversion and decrcase sharply at a variable distance
above the inversion. Willis suggested an instrument error in these cases due to possible
frost formation on the humidity sensor, and presented a correction method to reduce
errors in the soundings. Groters (1988) examined MIZEX-87 radiosonde profiles for
similar features in his study of refractive conditions, and found that the suspect profiles
occurred in only 13 of 169 launches. While Groters also considered potential instrument
errors in the suspect profiles, he determined that the dewpoint problem was not extensive

enough to warrant use of the correction scheme suggested by Willis.

B. DATA PROCESSING

Rawinsonde data sets serve as the primary source of data for this study. Initial
processing of the data included sorting, reformatting, and checking for errors in individ-
ual radiosonde data sets. Data display was achieved by a Fortran cross-section algo-

rithm developed by the Department of Meteorology, Naval Postgraduate School.
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The cross-section algorithm was modified to plot multiple radiosonde luunches from
the surface to 700mb. Data was processed to show both potential temperature (K) and
specific hunmudity (g kg) as continuous lines, along with wind barbs every 10mb at cach
station. Specific humidity was computed based on vapor pressure calculations after
Buck (1981). After potential temperature and specific hunudity values were computed
for each station in the cross-section, station data were projected onto a S0x30 plotting
grid by linear interpolation routines. Contours of the gridded data were then computed
using a smoothed rational spline interpolation method that allows curves to turn back
on themselves. In practice. these data projection and interpolation methods created ex-
cellent cross-sections. However, with some data sets, the routines created bulls-eve fea-
tures around isolated data points or plotted unusual features in data void regions. These
unusual features were easily allowed for in analysis of the various cross-sections exam-
ined.

Spatial cross-sections were prepared when the Polar Circle. Haakon Moshy, and
Valdivia were in optimum positions. In other cases, time-sections for individual ships

were plotted.

16




IV. FLOW REGIME STUDIES

Observed data on the structure of the planctury boundary laver duning MIZLN-NT
were exanuned with respect to ume and space vanatons in the imveruon height, vedtor
wind, temperature, and specific hunudity that resulted from changes in wind flow re-
gimes. Three specific flow regimes were chosen for studyv: a) On-wce {low, which was
assoctated with easterly surfuce winds from the Fram Strait onto the M1Z and ice pack:
b) Off-ice flow, which was associated with westerly surface winds from the ice pack and
MIZ region towards the open ocean; and ¢) Parallel flow, assoaiated with northeasteriy
winds flowing parallel to the ce edpe, with the ice to the night of the wind.

No agnmlicant periods of parallel flow with the e to the lett of the wind accurred
during MIZEN-87, therefore this case was not exanuned. Synoptic-scale forany for thi
type of flow rexime would typicallv invalve high pressures to the coutheact of the M1/
and low pressures to the west-porthwest, a situation not fuvored dunmy the sphng penod

in this area.

A. FLOW REGIME SYNOPTIC PATTERNS

An on-ice flow regime occurred from 0 UTC 26 March to 00 UTC 28 March {us™,
On-ice flow developed sequentialiv from cast to west across the [ram Strait, due to
movenwent of a boundary laver {ront that had developed about 1t km weet of tie
Svalbard Islands. The boundury laver front 1s a common arctic feature observed to form
in association with the wce edge. The fronts are observed to develop at the boundan
between the cold dry air of the central e pack and the warmer moist air over open
water (Shapiro and Fedor, 19501 As a result of winds shifting to casterlies on 25 March,
the boundary laver front moved rapidly across the Fram Strait and into the MIZLX
area, stalled and dissipated. Although sea-level pressures dropped steadily from 1035mb
to 1017mb during the period. an upper-level high persisted over the arca.

An off-ice flow regime occurred from 1§ UTC 3 Apnl to 06 UTC § Apnil 1987,
Svnoptic forcing for this regime was associated with the formation and movement of a
svnoptic-scale low south of the MIZEX arca. This low formed rapidly about 100 km
east of Greenland at 06 UTC 3 April, and moved along the secondary storm track pre-
sented in Fig. 6. The low stalled about 100 km southwest of the Svalbard Islands at 12
UTC S Apnl.
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A paralle! flow regime occurred from 18 UTC 6 April to 06 UTC § Apnl 1987,
Svnoptic forcing during this time period was associated with a sccond synoptic fow
forming at 06 UTC 4 April 100 km east of Greenland. similar to the low one day before.
This second low also moved up the secondury storm track. and merged with the first low
southwest of Svalbard on § April. The positions of these two lows with respect 10 the
Greenland high caused parallel (southwest) flow through the MIZEN arca.

B. BOUNDARY LAYER STRUCTURE
1. On-Ice Flow

Just prior to the beginning of the on-ice flow regime, the Polar Circle and
Haakon Mosby transited from Tromso. Nonvay to begin experiment operations. The
Valdivia had been on station for several davs near 78° N 0° E, her northern-most posi-
tion during the experiment. and was underway, mosving southward parallel to the
Svalbard coast then southwest towards the north-south protion of the MIZ, west of the
Fram Strait. The relative positions of the three ships, shown with vector surfuce winds
in Fig. 8. provided a hinecar arrangement useful for spatial cross-secuon analvss of the
radiosonde data. This linear arrangment tends NW-SE on 26 March, and rotates to
nearly N\-S bv 28 March.

The sca-level pressure analyses for 00 UTC 26 March and 00 UTC 27 March
are shown in Fig. 9. From 00 UTC 24 March to 00 UTC 25 Narch 1987, a boundun
laver front was observed to form 100 km west of the Svalbard [slands, in assoaation
with an inverted trough that had developed over the Fram Strait. Decay of the trough
caused easterly flow across the strait, resulting in an outbreak of Arctic air and advection
of the front advected rapidly westward, reaching the MIZ by 00 UTC 27 March.
Movement of this front across the Fram Strait is important because it precedes the shift
in winds to on-ice (easter[v). Another reason to document the movement of thic front
in this casc is that it illustrates the rapid modification of a polar air mass due to the open
waters of the Fram Strait. A NOAA-10 Channel 4 (10.5 - 11.§ um) satelhite photo pre-
sented in Fig. 10. shows the position of the front during its movement across the strait.
Frontal passage first occurred at the Valdivia between 03 UTC and 06 UTC on 25
March. Passage of the front was marked by winds veering to southeasterlv and in-
creasing to 15 m's, cloudiness increasing from 3'8 stratocumulus to 8 8 stratus, a sharp
drop in temperature from -4.5°C to -10.5°C, and snow showers. Similar weather features
were observed at the Haakon Mosby and the Polar Circle during frontal passage at 14
UTC 26 March and 23 UTC 26 March, respectively.
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Ship positions for 26 March 1987 with vector surface winds:  Vector length
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Fig. 9. Sea-level pressure analyses for off-ice flow: 00 UTC 26 March 1987 (top).
00 UTC 27 March 1987 (bottom).
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Fig. 10. NOAA-10 AVHRR Channel 4 photo for 1658 UTC 26 March 1987.
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Rawinsonde profiles observed at the Polar Circle, Haakon Mosby, and Valdivia
are presented in Fig. 11, Fig. 12, and Fig. 13, respectively. All rawinsonde profiles
shown in this thesis have the following kev. The bold solid line is potential temperature
(). The dashed line is potential dewpoint temperature (8,). Both of these use the bot-
tom scale in °C. The light solid line is specific humidity using the top scale in g kg.

Examination of the rawinsondes for the various ships point out major changes
in the structure of the boundary laver due to passage of the front and subsequent on-ice
flow. Valdivia profiles (Fig. 11) reveal a strong inversion between 800 and 900mb prior
to frontal passage. Polar Circle radiosonde profiles (Fig. 12) and Haakon Mosby pro-
files (Fig. 13) also show the presence of strong inversions between 500 and 1000mb.
The approach and passage of the boundary layer front causes rapid rising and de-
struction of these low-level inversions and establishment of a deep mixed layer. Winds
veer to the southeast and strengthen as the front successively passes each ship. estab-
lishing an on-ice flow regime across the entire Fram Strait region by 00 UTC 27 March.

A spatial cross-section roughly perpendicular to the front at 12 UTC 26 March
is shown in Fig. 14. All cross-sections and time-sections prescnted in this thesis have
the following Key. Solid lines indicate 6 in K. Dashed lines indicate specific humidity
in g kg. Winds are reported in m's approximately every 10mb, and with speeds indicated
by barbs (full barb = 5 m's, half barb = 2.5 m's).

The cross-section at 12 UTC reveals structural features of the boundary laver
during frontal passage. At 12 UTC the front is well past the Valdivia at the eastern end
of the cross-section, but has not completely moved past the Haakon Mosby, which re-
corded passage at 14 UTC. Easterly (on-ice) winds have been established at both the
Valdivia and the Haakon Mosby.

The isentropes in the 12 UTC cross-section exhibit very strong tilting from west
to east across the Fram Strait. This is due to the cold air outbreak from the Svalbard
ice-pack moving west rapidly enough to maintain its polar characteristics in spite of the
increased heat and moisture flux over the open water. The relatively warm air aloft over
the western end of the cross-scetion is indicative of subsidence from the upper-level high.
The Valdivia sounding, at the eastern (right) end of the cross-section, has evenly spaced
isentropes throughout the vertical, with moderate gradients, indicating neutral stability.
A weak inversion at 930mb (600m) appears to indicate that increased heat flux over the
ocean is beginning to modify the polar air mass, and establish a mixed laver over the
eastern Fram Strait. A strong moisture gradient not coincident with the weak inversion
1s noted at 850mb (1200m), with extremely cold dry air above. This marks the
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unmodified polar air mass from the Svalbard ice pack.

throughout the vertical, with a small reversal at 850mb coincident with the moisture

Winds remain easterly

gradient. This wind shift seems to mark the depth of the boundary layer at this point.

The profile from the Haakon Mosby, over the central Fram Strait, shows a dip
~in potential temperature between 900 and 1000mb, perhaps associated with frontal pas-
sage, and slight packing of the isentropes near the surface. Above 900mb, isentropes are
again evenly spaccd indicating neutral stability with no inversions noted. A strong
moisture gradient occurs at 850mb (1500m) with extremely dry air above. This is again

associated with a wind shift aloft, marking the boundary laver, and appears to extend
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Fig. 11

complctely across the Fram Strait. Another interesting feature of the wind profile is the
that the wind maxima associated with frontal passage appears between 930mb and

860mb, but has not penetrated to the surface.
The Polar Circle, at the western end of the section, has not vet recorded frontal

passage and ofl-ice flow exists, although inversion heights at the Polar Circle have been
rising steadily over the last 24 hours, as can be seen in the rawinsonde profiles shown in
Fig. 13. At lower levels, a layer well mixed in temperature and moisture extends from

the surface to 900mb (1000mb) where it is capped by a strong inversion coincident with

a moisture gradient. This very moist well-mixed laver appcears to extend eastward
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bevond the capping inversion ncarly to the front itsell. Above the inversion, modecrate
gradients in temperature and moisture extend to 700mb. A wind shift {rom westerly to
southerly occurs at the inversion.

' The front continues to be advected westward during 26 March. Fig. 15 presents
a cross-section observed at 18 UTC 26 March, six hours later. By this time the boundary
laver front has passed the Haakon Mosby, and has approached the Polar Circle's posi-
tion at the MIZ, with easterly surface winds recorded at all three ships. The inversion

previously noted at the Polar Circle has risen {rom 900mb to 860mb and weakened.
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Fig. 14.  Cross-section for 12 UTC 26 March 1987: Solid lines arc 6 in °K.
Dashed lines are ¢ in g'kg. (PRC = Polar Circle, IIKM = llaakon
Mosby, VAL = Valdivia)

Below the inversion the layer appears well mixed, but the wind shift at the inversion is
much weaker, with southeasterly winds extending to 700mb.

At the Ilaakon Mosby, the sharp dip in the isentropes noted carlier is between
860mb and 970mb, and appears associated with a region of strong winds in the laver.
A wind shift at 860mb from southeasterly to southwesterly is noted, but the shift is not
associated with any temperature inversion or moisture gradient. Further aloft, another

wind shift occurs near 740mb associated with a weak inversion that has formed at this
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Fig. 15. Cross-section for 18 UTC 26 March 1987: Paramecters as in I'ig. 14

level. At the Valdivia the temperature profile is similar to that previously described. but
the strong moisture gradients noted earlier have dissipated.

Overall, this later spatial cross-section shows two major changes in the lower
atmosphere due to continued frontal movement and easterly winds across the I'ram
. Strait. First, the strong slope in the isentropes noted at 12 UTC has flattecned consider-
ably. Second, the very strong gradients in hoisture noted around 850mb have dissi-
pated. This indicates that the characteristic features of the boundary laver front and

polar air mass have weakened considerably, and that the front is beginning to dissipate.
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This is due to the strong heat and moisture fluxes over the open ocean causing rapid
maodification of the polar air mass.

Fig. 16 shows a cross-section observed at [2 UTC 27 March. I8 hours hours
after the establishment of on-ice flow. The positions of the ships for this later cross-
section are shown in Fig. 17. Most striking is the absence of strong gradients of tem-
perature or moisture in the boundary layer. A deep well-mixed laver extends to $30mb
(1400m) at the Polar Circle with no temperature inversion present. A moderate moisture
gradient occurs near 830mb, below a wind reversal near 820mb. A weak inversion is
noted near 730mb (2700m). At the Haakon Mosby the mixed laver extends to 900mb
(800m) and is capped by a weak subsidence inversion. A wind reversal from
southeasterly to northwesterly occurs at 850mb.

A mixed laver extending to 870mb was observed at the Valdivia, the southern-
most ship in the section. This mixed layver was capped by a weak subsidence inversion.
The vertical wind profile recorded by this radiosonde shows light and variable winds
from northwest and north throughout the lower atmosphere. although southeast winds
were still recorded at the surface. The remainder of the ofl-ice wind period was charac-
terized by deep, moist mixed lavers capped by weak, high inversions.

To contrast features observed in spatial cross-sections, Fig. 18 shows a single
ship time-section observed at the Polar Circle. In the time-sections presented. the time
axis increascs from left to right. The usc of a time-section provides another view of
modification of the boundary laver with the onset of on-ice winds. The inversion noted
near 900mb at 12 UTC 26 March rises rapidly and is destroved with passage of the front
and establishment of on-ice winds. By 18 UTC 27 March the on-ice flow regime has
stabilized, and a weak inversion has formed near 730mb. That inversion caps a mixed
laver that has deepened from 800m to nearly 2500m in the 24 hours since the shift to
on-ice winds, which is a significant change in the boundary laver. The time-section also
shows an overall trend towards decreasing temperatures in the upper boundary laver,
with a decrease of nearly 11 K at 800mb during the 30-hour period shown in Fig. 18.

Another interesting feature evident in this time-section is the weakening of the
vertical temperature gradient at mid-levels during frontal passage (between 18 UTC 26
March and 06 UTC 27 March). This feature is similar to the dip in the isentropes secn
in the cross-sections of 12 UTC and 18 UTC 26 March (Fig. 14 and Fig. 15). From the
surface to 860mb a warming trend is evident prior to frontal passage, increasing nearly
4 K at the surface. This is associated with a strong increase in specific humidity from
1.4 gkg to 3.0 g kg near the surface. Above 860mb, the temperatures drop rapidly
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Fig. 16. Cross-section for 12 UTC 27 March 1987: Parameters as in Fig. 14

during the same time interval. After passage and dissipation of the front (06 UI'C to
12 UTC 27 March), the vertical temperature gradient increases again, with decrecasing
temperatures and drying near the surface and dropping temperatures aloft. This fcature
may be indicative of increased turbulence due to buoyancy forces in addition to me-
. chanical turbulence in the thick clouds associated with the [ront. The increcase in
lower-level moisture appears to be related to the increasing temperatures at the surface
during frontal passage.

Clearly, both dvnamic and thermodynamic processcs were important to the de-

velopment of observed [eatures during this frontal passage. The dynamic processes
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Ship positions for 27 March 1987, with vector surface winds:

Polar Curcle
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maintaining the integrity of the boundary layer front and the thermodynamics associated
with the tempcrature changes across the {rontal zone both contribute to the features
observed. The relative importance of each are diflicult to determine with this data set.
Increased spatial resolution would allow better delinition of the frontal zone and a more
quantitative analysis. )

During on-ice flow, several important features of the boundary laver and lower
atmosphere were noted. On-ice flow was preceded by a cold air outbreak from the

Svalbard ice-pack and an associated boundary laver front. Approach and passage of the
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front led to rapid lifting and destruction of inversion lavers. Continued on-ice flow al-
lowed modification of the air mass by strong heuat and moisture {luxes duc to the open
occan. This resulted in a MABL with a deep, moist mixed laver capped by high, weak
inversions, characteristic of a near neutral MABL, as it {lowed onto the MIZ.

2. Off-ice flow

An off-ice flow regime in the MIZEX area occurred from 00 UTC 4 April to 06
UTC 5 April 1987. Fig. 19 presents the sea-level pressure analvsis observed at 12 UTC
4 April. Synoptic forcing was due to formation and movement of a cyvclone south of the
MIZ, and establishment of pressure gradients favorable to off-ice flow in the region.
Fig. 20, the NOAA-10 AVHRR Channel 4 photo taken at 1022 UTC 4 April, shows
that the Fram Strait and MIZ are largely obscured due to the cirrus blow-off of the
cvclone. Sea-level pressures decreased from 1033mb on 2 April to 1014mb on 4 April,
remaining steady during the flow regime. Cloudiness reported by the Polar Circle was
8.8 stratus and fractostratus at 00 UTC 4 April decreasing to 4.8 stratus and
fractostratus during 4 April, then increasing to 8 § stratus on 5 April. Haakon Mosby
reported § § stratocumulus decreasing to 5 8 stratocumulus from 15 UTCto ISUTC 4
April, then a rapid increase to § 8§ stratocumulus by 00 UTC § April.

The positions of the ships during ofl-ice flow are shown with vector surface
winds in Fig. 21. Both the Polar Circle and the Haakon Mosbyv were located at or ncar
the ice edge during the regime within §0 km of each other. The Valdivia departed the
experiment area on 3 April and was no longer recording data. Due to the small number
of ships in the area, time-sections of the sounding data proved the only useful means of
data display.

A single ship time-section observed at the Polar Circle is presented in Fig. 22.
Parameters arc as previously described for Fig. 14, with the time axis increasing from
left to right. The associated rawinsonde profiles are shown in Fig. 23. Prior to the es-
tablishment of off-ice flow on 4 April, winds at the Polar Circle veered from easterly (06
UTC 3 April) to westerly (18 UTC 3 April) due to passage of the synoptic-scale low to
the south, and have diminished from 5 m's to less than 2.5 m's. This is accompanied
by rapidly decreasing temperatures near the surface. Polar Circle reported a decrease in
temperature from -4°C to -11°C associated with this wind shift. A very strong surface
based inversion developed during this period, with both temperature and specific
humidity increasing with height. Above the surface inversion, temperatures assume a
stable lapse rate. Moisture is initiallv smoothly distributed from the inversion to 700mb.

However, a strong moisture gradient appears aloft ncar 730mb, lowering in height and

32




-—— o~ -~

e
S 1

33

Sea-level pressure analysis for 12 UTC 4 April 1987.

Fig. 19.




Fig. 20. NOAA-10 AVHRR photo for 1022 UTC 4 April 1987.
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Ship positions for 4 April 1987, with vector surface winds:

o, Haakon Mosby = o).

Polar Circle




intensifving to around 800mb bv 00 UTC 4 April. This mayv indicate increasing
subsidence in the region.

By 00 UTC the off-ice regime is well established at the Polar Circle, and winds
have increased slightly to above 2.5 m's. This has caused the surface based inversion to
1ift, rising to 860mb, and becoming coincident with the moisture gradient. This initial
inversion laver continues to rise and weaken, becoming a broad stable laver between
900mn and 800mb by 18 UTC 4 April. The moisture gradient due to subsidence con-
tinues to drop, stabilizing near 900mb by 18 UTC.

The trend towards decreasing surface temperatures has continued during this
period. The Polar Circle reported a further decrease from -11°C to -17°C by 12 LTC 4
April. This is accompanied by the formation of a second surface inversion between 00
UTC and 12 UTC. This second inversion also rises from the surface during continued
of-ice flow, settling near 970mb coincident with an increasing moisture gradient. From
12 UTC 4 April to 06 UTC 5 April. the inversion caps a very thin well-mixed laver from
the surface to 980mb.

The single ship time-section observed at the Haakon Mosby during off-ice flow
is shown in Fig. 24, with parameters as in Fig. 14. The associated rawinsonde profiles
are shown in Fig. 25. The Haakon Mosby time-section and rawinsondes have features
similar to those seen at the Polar Circle. From 12 UTC to 8§ UTC 3 April. prior to the
establishment of off-ice flow, Haakon Mosby recorded strong southeasterly flow. with
no inversions or strong moisture gradients noted from the surface to 700mb. A rapid
shift in winds from southeasterly to westerly along with dropping wind speeds occurred
between 18 UTC 3 April and 00 UTC 4 April. This was associated with rapidly dropping
temperatures at the surface (-3°C to -16°C during the period) and the development of a
strong surface based inversion extending to 980mb. A second inversion i1s noted near
960mb A sharp decrease in upper-level moisture by 00 UTC is again associated with
increasing subsidence aloft in the region.

By 06 UTC 4 April, the two inversions noted at 00 UTC have lifted and stabi-
lized. The lower inversion is located near 960mb, and caps a laver of sharply decreasing
specific humidity towards the surface. The second, upper inversion, is located near
850mb coincident with a decreasing moisture gradient due to subsidence. Between the
two inversions is a relatively moist laver well-mixed in temperature. A wind shift near
850mb is associated with the upper inversion throughout the period. This condition
persisted until the end of the off-ice flow regime at 06 UTC § April. *
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TIME SERIES OF ISENTROPES AND ISOHUMES (G/KG)

PRESSURE (MB)
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Fig. 22.  Time-section of Polar Circle radiosondes for 3/4 April 1987: Paramcters
as in Fig. 14.

Common features were observed at both ships during this ofl-ice case. Onset
of the ofl-ice flow was accompanied by rapidly dropping temperatures at the surface and

development of surface based inversions. Continued off-ice flow resulted in lifting and

~spliting of the surface inversions creating dry regions near the surface and aloft, with a

relatively moist region between the two inversions. Several factors may contribute to
formation of the observed features during this {low regime. The ABL encounters in-
creased heat flux at the ice edge causing incrcased convective turbulence and decreasing

stability. However, incrcased surface roughness at the MI1Z would increase mechanical
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Fig. 23.  Polar Circle rawinsonde profiles for 4 April 1987: Parameters as in

Fig. 1.

turbulence as well. It is difficult to assess the relative importance of each without in-

creased spatial resolution of the data points.

3. Parallel Flow
A paraliel flow regime (northerly flow with ice to the right of the wind) occurred

from 00 UTC 7 April to 06 UTC 8 April. TI'ig. 26presents the sea-level pressure analvsis
| for 12 UTC 7 April 1987. Synoptically, the juxtaposition of a stalled low pressure center
ncar Svalbard, a newly developed cvclone south of the MIZ, and a strong high pressure
region over Greenland forced northerly winds throughout the Fram Strait;MIZ region.

The NOAA-9 AVIIRR Channel 4 photo for 0533 UTC 7 April, shown in Fig. 27,
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Fig. 24. Time-section of Haakon Mosby radiosondes for 3/4 April 1987: Parame-
ters as in [ig. 14.

clearly shows N - S tending cloud streets indicative of {flow along the Greenland Sca
MIZ. Average wind speeds of 6.5 m/s and 8.5 m/s were recorded by the Polar Circle and
" the Haakon Mosby, respectively. Sea-level pressures rosc slightly from 101dmb to
1016mb at the IHaakon Mosby and from 1016mb to 1018mb at the I’olar Circle, indi-
cating the increased influence of the Greenland high. Cloudiness observed by the Polar
Circle decreased from 8,8 stratus at 00 UTC 7 April to 1/8 altostratus and cirrus by 00

UTC 8 April, then increasing rapidly to 8/8 stratus by 12 UTC 8 April. Ilaakon Mosby
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Fig. 25. Haakon Mosby rawinsonde profiles for 4 April 1987: DParamcters as in
Fig. 11.

reported 6/8 stratus at 00 UTC 7 April decreasing to 2,8 stratocumulus and cumulus by
18 UTC 7 April, then a rapid increase to 6,8 stratus on 8 April.

The position of the ships on 7 April is shown with vector surface winds in

. Tig. 28. The Polar Circle remained near 77°N 5°W {[rom 7 to 8§ April, located well

within the ice pack. The Haakon Mosby was located 180 km northeast of the Polar

Circle in open ocean. The relative positions of the ships during parallel flow is important

because they are in fact sampling different environments. At the Polar Circle, air parcels

during parallel (northerly) flow would have trajectories that cross ice only for several
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Sea-level analysis for 12 UTC 7 April 1987.

Fig. 26.
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Fig. 27.  NOAA-9 AVHRR Channel 4 photo for 0533 UTC 7 April 1987.
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hundreds of Kilometers prior to mecasurement. This should cause cooling of the atmos-
phere due to negative heat flux at the ice surface, and therefore stable ABL condinone.
However, at the Haakon Mosby air parcles would flow across un ice edge (ofl-icer 100
to 400 km to the north, and would experience modification by the open ocean prior to
measurement. These differences are readily noted in the data of each ship.

A single ship time-section observed at the Polar Circle is presented 1 Fig. 29,

.,

‘4d

with parameters as in Fig. I4. The associated rawinsondes aie displaved in g,
The Polar Circle time-section reveals boundary laver features expected from over-ice
trajectories. Just prior to the establishment of parallel flow, relativelv warm. moist
conditions associated with light easterly (on-ice) flow were observed at the Polar Circle.
Between 1§ UTC 6 April and 06 UTC 7 April. winds backed from casterly to northerly
and increased to 6 m's. A\ rapid decrease in potential temperature, from 2067 K to 239
K. and specific humidity, from 2.3 ¢ kg to 1.3 g kg. occurred at the surface as a result
of the wind shift, and a very strong elevated inversion formed near 960mb. Above the
inversion. a dry region is noted between Y30mb and 900mb. with a strong decrecase in
moisture above 8§0imnb.

Between 06 UTC and 12 UTC 7 Apnl a slight wind shift from northerly to
northeasterly has dramatic effects near the surface. The rapidlv decreasing temperatures
experienced early in the parallel flow regime are reversed as warmer air advected over the
ice. with surface temperatures increasing from 239 K to 2063 K associated with an in-
crease in moisture. The strong inversion noted near 960mb weakens considerably and
the dry region above it has dissappeared. Changes above 900mb duc to this short du-
ration wind shift appear minimal.

By 18 UTC 7 April. northerly flow has been re-established, and the rapidly de-
creasing temperatures duc to over ice trajectories continue through 00 UTC. This con-
tinued cooling of the ABL causes the formation of a deep surface laver, marked by a
surface-based inversion extending to nearlv 890mb. Surface temperatures recorded by
the Polar Circle during this period of northerly flow reached -20°C (6= 2350 K}, the
coldest temperature recorded by any ship during MIZEX-87. Formation of the surface
inversion is again associated with a dry region from 970mb to 900mb. This dry region
remains a significant feature of the boundary laver through 06 UTC 8 April and the end
of the flow regime.

A strong elevated inversion is also noted near §30mb at 18 UTC April, marked
by sharp gradients in both temperature and moisture. This inversion appears to be a

continuation of weak inversion features noted at 06 UTC and 12 UTC, which were
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Fig. 29. Time-section of Polar Circle soundings for 7/8 April 1987: DParamcters

as in b'ig. 14.

marked by moisture gradients oniyv. These secondary inversion features appear to par-
allel development and deepening of the surface laver from 06 UTC to IR U'TC, rising
from 890mb to 8§30mb. This elevated inversion dissappears by 00 UTC 8 April.

Above §00mb, the trend towards rapidly decreasing temperatures at the surface
appears oflsct by a slightly higher temperatures aloft, increasing approximately 2°K
from 00 UTC to 18 UTC 7 April. This may be duc to increased subsidence from the
Greenland high during this period.  After 18 UTC, temperatures above 800mb show

minor decreascs through the end of the {low regime.
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Fig. 30.  Polar Circle rawinsonde profiles for 7 April 1987: Paramecters as in
Fig. 11.

Fig. 31 displays the single ship time-section observed at the Haakon Mosby,
with parameters as in Fig. 14. The associated rawinsonde profiles are presented in
Fig. 32. The Haakon Mosby time-section shows similar trends of decreasing suiface
temperatures and weak upper-level temperature increases during the parallel flow re-
gime. However the boundary laver features observed more closcly resemble features
observed during the oll-ice flow discussed earlier, as might be expected considering the

air parcel trajectories. The establishment of parallel flow at 00 UTC 7 April is associated
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Fig. 31. Time-section of Haakon Mosby soundings for 7/8 April 1987:  Paramecters

as in Fig. 14,

with decreasing temperatures and reduced humidity. IHowever the temperature decrease
is much more gradual, falling from -5°C at 00 UTC to only -12°C by 18 UTC, on 7 April.

Examination of the time-section observed from the Haakon Mosby shows de-
. velopment of a weak surface-based inversion from 00 UTC 7 April through 06 UTC 8§
April associated with a sharp increasing motsture gradient from the surface to 980mb.
Above the surface inversion, a well-mixed laver extends from 980mb to 930mb, capped
by an elevated inversion near 900mb. From 300mb to 700 mb the atmosplicre remains

stably stratified, and a third weak inversion is scen to appear ncar 800mb from 06 U1C
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Fig. 32.  Haakon Mosby rawinsonde profiles for 7 April 1987: Parmeters as in
Fig. 11.

to 18 UTC 7 April. The overall structure of the boundary layer at the [lakon Mosby
remains constant through the end of the flow regime once parallel {low becomes firmly
" established.

During the parallel flow case, contrasting features in the ABL were observed at
the Polar Circle and IHaakon Mosby due to their respective positions. Polar Circle re-
ported development of a strong surface based inversion and elevated inversion features,
rapidly decreasing surface temperatures, and several alternating motst and dry lavers in

the vertical. TFormation of multiple elevated inversions with moderately decrecasing
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surface temperatures were observed at the Haakon Mosby. with development of a moist
well-mixed mid-laver with dry regions near the surface and aloft. The multiple surface
and elevated inversions and vertical variations in moisture observed at both ships mav
be indicative of the interleaving of inversions discussed in Guest ¢r al (1988). These
complex interactions may be due to differential advection caused by local circulation
features. Another possibility is laver overturning duc to variations in ABL stability
across the ice edge. These strong variations in the ABL over the short horizontal scales
of the ice edge illustrate the extreme complexity of the ABL under parallel flow condi-

tions.
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V. SUMMARY AND RECOMNMENDATIONS

A. SUMDMARY

The focus of this thesis has been the documentation of boundary laver phenomena
in the MIZ resulting from specific flow regimes with respect to the ice edge. This has
allowed the examination of specific boundary laver features, such as inversions and
mixed lavers, as they form and develop under the influence of differing physical proc-
esses. Three wind flow regimes were examined: on-ice flow, ofl-ice flow, and flow par-
allel to the ice edge.

On-ice flow was preceded by a cold air outbreak and an associated boundary laver
front moving rapidly westward across the Fram Strait.  Approach and passage of the
front resulted in lifting and destruction of inversion lavers in the MI1Z ABL. Continued
on-ice flow showed development of a near-neutral MABL due to oceanic modification
of the lower atmosphere. This MABL was characterized by a deep. moist mixed laver
capped by high. weak inversion layers.

Onset of off-ice flow resulted in rapidly dropping surface temperatures and the de-
velopment of surface-based inversions. Continued off-ice flow was associated with hift-
ing and splitting of the surface inversions into multiple low-level inversion features.
Specific humidity was highest between the inversions at mid-levels with dryv regions ncar
the surface and aloft. In general, stable ABL conditions were experienced in the MIZ.

Parallel flow was characterized by strongly varving ABL conditions across the MIZ.
Over the ice. parallel flow resulted in rapidly decreasing surface temperatures and de-
velopment of deep surface and elevated inversion features, characteristic of a stable
ABL. Open-ocean measurments showed development of multiple elevated inversions.
with a moist mixed laver between inversions and dry regions near the surface and aloft.
The diflerences in these two ABL regimes only a short distance apart illustrates the ex-
treme complexity of the ABL vertical structure during parallel flow.

In all of the cases examined, the role of synoptic forcing was to establish pressure
gradients favorable for the basic flow regimes studied. Within a framework of the vari-
ous flow regimes, boundary laver processes such as the transport of heat, moisture and
momentum along with mesoscale differential advection appeared to be important for

development of ABL features.
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B. RECOMNMIENDATIONS

A complete understanding of the unique boundary laver phenomena of the
Greenland Sea Fram Strait MIZ will require continued study of more complete data
scts. The MIZEX-87 data presented in this thesis is sufliciently detailed to establish
basic features of the boundary laver, and to qualitatively discuss the importance of var-
1ous physical processes. However, emphasis on data collection at mesoscale intervals
would provide the detailed data required for quantitative analyvsis of the unique atmo-
spheric processes associated with the MIZ, and allow determination of their relative
importance within the boundary layer. In addition, a more thorough description of this
dynamic region will lead to a better understanding of the Arctic as a whole.
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